given concentration of substrate, provided the latter is high. Northrop and his associates utilized this situation to determine the activity of pepsin (6) . This relationship was examined in the case of casein and a single rather active proteolytic enzyme. Twenty hal. of various concentrations of a crystalline trypsin solution was added to 20 ml. of 0.25 per cent casein solution at pH --7.6 and 37.5°C. Two ml. samples were then taken at 5, 10, 13, 15, 17, 20, 25, and 30 minutes. The amount of the undigested casein in each sample was precipitated with 3 ml. of a 5 per cent trichloroacetic acid solution. The turbidity, so produced, was determined in a Klett-Summerson photoelectric colorimeter and plotted against time. The slope of the curves (K), being linear at the initial phase of the digestion, was then measured for each concentration of enzyme used, where K was expressed as the reciprocal of the amount of undigested casein (in terms of galvanometer reading) at the given time. In other words, t,-t~ S0-S~'
Where the t's and S's denote the time of incubation in minutes and the concentration of the substrate, casein, in grams per cent respectively. The subscripts 0 and a denote zero and a minutes of digestion. The results given in Table I demonstrate that as the concentration of the crystalline enzyme (C of column 1) increases, the rate of digestion (K of column 2) increases proportionately. The quantitative relationship between the rate and enzyme concentration can best be demonstrated by the constancy of the ratio of K/(C) (column 3). This relationship was utilized in formulating the proce-dure for the determination of enzyme activity, the details of which are given below:
(a) Preparation of Solutions. 
Estimation of a Dilution to Gi~e Approximate Unit Acti~ity.--Much time
can be saved if an approximate activity of an unknown enzyme solution can be estimated. Otherwise, the procedure of serial dilution as described in step 1 should be followed.
Step L--To a series of five tubes is added 1.0 ml. of 0.85 per cent NaCI solution. To the first tube is added 1 ml. of the enzyme solution of an unknown potency. After thorough mixing, 1 m]. of the solution in the first tube is carried over to the second tube, and 1 ml. of the content in the second tube is in turn carried over to the third tube. This process of serial dilution is repeated until the fifth tube is reached. One ml. of the content in this last tube is then pipetted and discarded. One ml. of 0.25 per cent casein solution is then added from a 10 ml. burette to each one of the five tubes and incubated at 37.5°C. in a water bath for precisely 15 minutes. After incubation, 3.0 ml. of a 5 per cent trichloroacetic acid solution is added to the tube and the turbidities are measured immediately. If the dilution of the enzyme solution which contains one unit per ml. lies within the range of the serial dilution, the turbidity reading of the 50 per cent point will fall between the readings of two consecutive tubes. The original unknown enzyme solution should then be diluted to such an approximate concentration and be used for the final estimation of activity according to the procedure given in step 2.
Step 2.--To a series of nine tubes are added 1.0, 0.80, 0.70, 0.65, 0.60, 0.55, 0.50, 0.45, and 0.40 ml. of the unknown solutions diluted according to the preliminary findings of step 1 so that a unit of enzyme activity is contained in from 0.4 to 1.0 ml. A normal saline solution is again added so that each of these tubes contains 1.0 ml. of fluid. One ml. of 0.25 per cent casein is added to all tubes and incubated for 15 minutes, as described in step 1. The amount of undigested protein is precipitated with 3 ml. of 5 per cent trichloroacetic acid and the turbidity readings then made. From the turbidity readings, the dilution of enzyme which will give the 50 per cent point can be determined by interpolation. The enzyme contained in this dilution is then equal to one unit of activity.
Factors Affecting the Aclidty Determination
Since the rate of the digestion of casein can be affected by such factors as the concentration of casein and pH at a given temperature of incubation, it is important to ascertain the extent to which these factors must be controlled to insure the accuracy and reproducibility of the experiments.
(a) Concentration of Casein.
Since there is a quantitative relationship between the enzyme and the substmte, during the initial phase of digestion, it is important that the concentration of the casein be specified in order to define the unit activity. We have therefore determined the effect of varying the concentration of the casein solution on the activity determination by estimating the dilution of an enzyme solution (containing 333 units per ml.) which will digest 50 per cent of the casein solutions of different concentrations in 15 minutes at 37.5°C. at pH = 7.6. The results of such an experiment are given in Table II, demonstrating that as the concentration of the casein increased from 0.20 per cent to 0.30 per cent, the unit activity per milliliter found decreased. However, that this decrease bears a quantitative relationship to the casein concentration, is evident from the agreement between the units of activity per milliliter found, and those obtained by calculation. It is obvious from this that the concen-tration of casein in the test need not be 0.25 per cent exactly, but ff it is not, then the concentration should be known precisely so that a correction can be made in the final calculation of activity.
(b) Effect of the pH on Digestion.
Since the rate of digestion of casein by enzymes depends to a large degree on the pH of the medium, experiments were performed to ascertain whether small variation of pH will affect the determination of the enzyme activity. Hence, 0.25 per cent casein solutions with pH ranging from 7.4 to 7.8 in the step of 1/10 of a pH unit were prepared and used as substrates. Our results demonstrate that within this pH range there appears to be no significant difference in the results of the determination.
(c) The Effect of Different Preparations of Casein on the Enzyme Activity.
It is well known that commercial preparations of casein are essentially a mixture of proteins. It is therefore of importance to ascertain whether different casein preparations can be used for the determination of enzyme activity. Experiments were performed to determine the activity of a crystalline trypsin solution containing 1.428 nag. N per ml. with several preparations of casein. The results tabulated in Table III demonstrate that the activity found is essentially the same regardless of the casein solutions used, provided they have been adjusted to the same concentration as measured by the turbidity readings rather than by the weight of the casein used. This satisfactory agreement of activity results led us to determine by electrophoretic analysis, ~ the composition 1Electrophoretic analysis was performed in a diethylbarbitumte buffer of pH ffi 8.6 with ionic strength of 0.1 according to the technique of Longsworth, L. G., Chem. Rzv., 1942, 30, 323.
PROTEOLYTIC ACTMTIES
O:g ENZYME PREPARATIONS of the four samples of casein used. These results indicate that the commercially available preparations of casein as well as the casein obtained by the acidification of skim milk have a fairly constant composition consisting of 79 to 81 per cent of the fast moving component and of 19 to 21 per cent of the slow moving component. 
RESULTS

(a) Determination of Activities of a Number of Proteolytic Enzymes of Different Origin.
We have determined the activities of two crystalline and one purified enzymes from beef pancreas and also enzymes of bacterial and fungal origins (Table IV) . The crystalline chymotrypsin was found to have the highest activity per milligram N, being approximately two and one-half times more active than crystalline trypsin, according to this test. However, both crystalline enzymes are more active than any of the commercial proteinases isolated from pancreases, bacteria, or fungi.
(b) The Rate of A ctivation of Acid Extract of Beef Pancreas.
The measure of activity has also been used to determine the rate of activation of an acid extract of beef pancreas at different pH. One hundred and fifty gin. of freshly ground beef pancreas was extracted in a Waring blendor for 5 minutes with 290 nil. of water and 12.5 nil. of 6 I~ H, SO4. The pH of the suspension was raised to about 4.2 with 10 ml. of 6 ~r NaOH and filtered. The pH of aliquot samples of the filtrate was adjusted to a range between 4.2 to 8.9 and kept in ice water mixture. Aliquot samples were taken for activity determination at different time intervals. The results of such an experiment (Table V) demonstrate that the enzyme solution is activated at least 50-fold at pH between 7.7 and 8.2, but not at pH 4.2. Other experiments with homogenized hog and bovine pancreas indicate that the activation of the enzymes likewise takes place more rapidly at the higher pH and that by this type of estimation pancreas from each of these two spedes has approximately the same unit activity per gram of glands, namely, 2600 for hog and 2800 for bovine.
SU~r~ARY A method has been described for the determination of proteolytic activities of enzyme preparations using casein as substmte. The rate of digestion is proportional to the enzyme concentration used. This relationship is utilized as a measure of the enzyme activity. One unit of activity is defined as the amount which is required to digest casein in 15 minutes at 37.5°C. so that 50 per cent of the protein in 1 ml. of 0.25 per cent solution is not precipitable by
